Introduction
T he structure, chem ical com position and b io logical im portance o f the chloroplast envelope has been investigated extensively during the last ten years [1 -6 ] . It is now generally accepted th a t the envelope m em brane consists o f protein and acyllipids and plays an im p o rtan t role in plastid galactolipid biosynthesis [1 ,3 , 6] . H ow ever, the presence o f carotenoids and quinones in this m em brane has still been subject to argum ent.
There has never been any doubt, th at envelopes do not contain chlorophylls, although they were detected in significant am ounts in earlier envelope preparations [2] , Besides chlorophylls, all ca ro te noids and quinones norm ally contained in the thylakoid m em brane w ere also detected in envelope fractions [2, 7] , T he quinone com position o f the envelope was reported to be very sim ilar to th at o f the thylakoids [7] , A m ong the carotenoids p a rtic ularly violaxanthin was detected in envelope frac tions in high am ounts [2] but the qualitativ e carotenoid com position was virtually identical to that o f the thylakoids. In the present report evidence will be presented, suggesting that in vivo chlorophylls, carotenoids and quinones are not constituents o f the envelope m e m brane. It is show n for th e first tim e th a t the detectability o f chlorophylls and certain carotenoids and quinones in the p rep ared envelope fractions was negligible and far below any physiological im portance o f the in d iv id u al terpenoid. It is proposed th at the trace am o u n ts o f pigm ents and quinones obtained in the envelope fractions are caused by an nonspecific b in d in g o f chlorophylls, carotenoids and quinones to the envelope m e m brane during chloroplast isolation.
M aterials and M ethods
R adish (Raphanus sativus L. cv. Saxa) was grow n for 6 or 12 days in continuous w hite light (23 ± 2 °C , 90 ± 5% relative hum idity, 6.4 W /m 2) in a greenhouse. Spinach (Spinacia oleracea L. cv. M atador) was grown for 1 o r 2 m onth u n d er n atu ral conditions in the botanical gardens. F rom th e 6 days old radish and the one m o n th old spinach, plants, cotyledons, leaves and chloroplasts w ere assayed for th eir pigm ent and q u in o n e com position. T h y la koids and envelope fractions were p rep ared from intact chloroplasts isolated from 2 month old spinach leaves and 12 days old radish cotyledons. Highly p u rified intact chloroplasts were isolated from the plants according to the m ethods o f N ak atan i and B arber [8] and Haas et al. [9] . R adish cotyledons and spinach leaves were d isru p ted for 7 s in an isolation m edium consisting o f 0.33 M sorbitol, 0.2 mM M gC l2 and 20 mM MES and adjusted to pH 6.5 w ith trishydroxym ethylam inom ethane. T he cru d e slurry was filtered through 10 layers o f nylon cloth and the filtrate centrifuged at 1 0 0 x 0 for 6 0 s. T he p ellet was discarded and the su p e rn a tan t centrifuged again at 660 x g for 4 min. T he green pellet was resuspended in 0. Envelope and thylakoid fractions w ere rem oved from the gradient and resuspended in w ater. Before extracting the pigm ents and quinones aliq u o ts o f both fractions w ere solubilized w ith 2% desoxycholate and the p rec ip itated and redissolved p ro tein assayed according to the m ethod o f Low ry et al. [10] . Pigments and quinones w ere extracted from the leaves, cotyledons, chloroplasts and su b p lastid fractions using stan d ard techniques [11] , C h lo ro phylls were assayed as described by Z iegler and Egle [12] , carotenoids by the m ethods o f H ager and M eyer-Bertenrath [13] and B ritton and G o o d w in [14] and quinones according to G ru m b ac h [11] . Pigment and quinone contents and com positions o f the thylakoid and envelope fractions w ere assayed by using high perform ance liquid ch ro m a to g rap h y (Figs. 1 and 2). P resented data are m eans o f 5 (cotyledons, leaves, chloroplasts) or 3 (thylakoids, envelopes) independent analyses ± S.D.
Results
Chlorophylls, carotenoids and the q uinones plastoquinone-9, plastohydroquinone-9, oc-tocopherol, a-tocoquinone and p h y lloquinone are con tained in chloroplasts o f all higher plants (T able I -I I I , [15, 16] ). W ithin the ch lo ro p last these terpenoids are located virtually exclusively in the thylakoid m em brane, b u t carotenoids w ere also obtained in envelope fractions [2, 17] and q uinones in thylakoids [15] envelopes [7] and plastiglobuli [18] [19] [20] [21] ,
The terpenoid com position o f the thylako id m em brane prepared from radish and spinach leaves was sim ilar (Table I) . Q uinones, carotenoids and chlorophylls were contained in the thylakoid in a ratio of 1:3:18. The chlorophyll, carotenoid and quinone com position o f spinach or radish leaves, chloroplasts and thylakoids is show n in T ables II and III. Chlorophyll a and b were contained in the thylakoid in a ratio o f 3:1. A m ong the carotenoids lutein and /7-carotene were the m ain pigm ents besides lower am ounts o f violaxanthin, a n th e ra xanthin and zeaxanthin. T he m ain q u in o n e con tained in chloroplasts and th eir th y lak o id m em branes was the electron carrier and p ro to n tran s locator redox system p lasto q u in o n e-9 /p lasto h y d roquinone-9 [22] . a-T ocopherol, suggested to serve as a structural com ponent and an tio x id ativ e agent [23] was contained in leaves and chloroplasts in sim ilar am ounts as plastoquinone-9 (Tables II, III) . a-Tocoquinone and phylloquinone were also obtained in thylakoids, although in m uch sm aller am ounts (Table  II) . As can be deduced from Tables I -III the Tables II, III ). An analysis concerning the distribution o f chlorophylls, caro ten o id s and quinones in su b p lastid fractions revealed th at virtually all pigm ents and quinones w ere contained exclusively in the th y lak o id m em b ran e and not in the envelope (T able IV). A lthough 5 mgs (spinach) and 4.1 mgs (radish) envelope p ro tein were assayed, the am o u n t o f chlorophylls, carotenoids and quinones contained in these fractions was in the range o f d etectability and could only be estim ated quantitatively by using high p erfo rm an ce liquid chrom atography (Figs. 1, 2 ). As co m p ared to recent envelope p rep aratio n s no specific enrichm ent in violaxanthin was o b tain ed b u t m ost surprisingly more polar terp en o id s like chlorophyll a and b, violaxanthin and neo x an th in w ere still detected. /7-carotene, lutein and an th erax a n th in were com pletely absent. T hese results m ost likely suggest that the very small am o u n ts o f pigm ents o b tain ed in the isolated envelope fractions m ay d eriv e from a nonspecific binding o f these m ore p o la r terpenoids to the envelope m em b ran e d uring ch lo ro p last isola tion.
A mong the quinones a-to co q u in o n e, plastohydroquinone and phyllo q u in o n e were not detected in the envelope fractions, b u t a-to co p h ero l and plasto quinone were o b tain ed in small am o u n ts (T able IV, Fig. 2 ). W hether these tw o q uinones are constituents of the envelope m em b ran e in vivo is still uncertain since it is well know n th at they are contained in large am ounts in the osm io p h ilic plastoglobuli [19, 20] . T herefore they m ay a p p e a r in trace am ounts in envelope p rep aratio n s d u rin g th eir iso lation (Tables IV, V) . On a protein basis approxim ately 200 |ig o f chlorophyll, 33 ng carotenoid and 10 jig quinones p er mg were detected in the thylakoid m em bran e ( Table V) . As com pared to the thylakoid the pigm ent content o f the envelope m em branes was m uch lower.
D iscussion
Chlorophylls, carotenoids and quinones are con stituents o f the thylakoid m em brane. W ithin the m em brane chlorophylls and carotenoids are bound to protein and integrated in a highly specific orientation [26] , P hotosystem I and II particles contain chlorophyll a and /7-carotene as lightharvesting pigm ents [2 7 -2 9 ] . Besides chlorophyll a all the xanthophylls and chlorophyll b ap p e ar to be located in the light-harvesting chlorophyll a lb protein [30] . In the th y lak o id m em b ran e b oth p h o to systems are connected by a large p ro to n carrier-like plastoquinone pool [22] . H ow ever, the d istrib u tio n and biological im p o rtan ce o f a-tocopherol, a-tocoquinone and phyllo q u in o n e are still a m a tte r o f in vestigation. S ufficient evidence has now been presented that quinones and particularly p la sto quinone and a-tocopherol are contained also in the osm iophilic plastoglobuli. All carotenoids b u t notably violaxanthin were also obtained in c h lo ro plast envelope fractions [2] b u t they were never identified properly. Besides carotenoids q u inones were also detected in envelope p reparations [7] , As com pared to recent envelope isolations, envelope m em branes prep ared from chloroplasts isolated according to the m ethods o f N ak atan i and Barber and H aas et al. contained pigm ents only in very small am ounts (Table IV) , and notably m ore p o lar terpenoids like chlorophylls, violaxanthin and neoxanthin suggesting th a t chlorophylls and carotenoids are not contained in the envelope m em brane. T he very small am ounts detected m ay rath e r derive from a nonspecific binding o f pig ments to the envelope m em brane during chloroplast isolation. T h at envelope p rep aratio n s m ay be contam ined by chlorophylls and carotenoids is fu rth e r supported by the observation th a t the carotenoid and particularly the violaxanthin content o f enve lopes prepared from irrad iated green leaves was m uch higher than that o f envelopes isolated from darkened green leaves [17] .
It is well know n that d epending on the light intensity a plant received, rap id changes in the xanthophyll com position and particularly in the am ount o f violaxanthin, anth erax an th in and ze a xanthin occur [31] . This interconversion o f x a n th o phylls (xanthophyll-cycle) is, how ever, restricted exclusively to the thylakoid m em brane [24] and m ay be the reason why the carotenoid content o f d iffe r ent envelope preparations varies considerably. M ost surprisingly x-tocoquinone, p lasto h y d ro q u in o n e-9 and phylloquinone w ere not d etected in th e enve lope fractions although th e ex p erim en tal conditions for th eir detectability w ere in th e range o f 10 n a n o gram s (Fig. 2) . O nly p lasto q u in o n e-9 and a-tocopherol were detected in significant am ounts (Tables IV, V) . W h eth er these tw o q uinones are constituents o f th e envelope m e m b ran e is rath e r doubtful since a co n tam in atio n o f envelope p re p a ra tions w ith plastoglobuli containing high am o u n ts o f plastoquinone-9 and a-to co p h ero l can not be ex cluded.
D ifferent functions o f the envelope m em b ran e have been proposed. T h ere should be no real d o u b t that the envelope is a location site o f g alacto lip id biosynthesis [32, 1] , T h at the envelope m e m b ran e is also involved in certain stages o f pig m en t and quinone biosynthesis has been pro p o sed [33, 34] , However, only recently sufficient evidence has been presented th at the esterificatio n o f ch lo ro p h y llid e with g eran ylgeranylpyrophosphate [35] as well as the biosynthesis o f caro ten o id s from isopentenylpyrophosphate [36] m ay proceed only at the thylakoid m em brane and not at the envelope. W h eth er this is also the case for th e biosynthesis o f p lastid ic q u i nones is under investigation.
